density-gradient centrifugation. and w-as grow-n from a single cell by minimal dilution (Grunt et al. 1991) and can be maintained serum free. Thus. N. 1 w as used as a model because it enabled us to perform mechanistic apoptosis induction studies without survival factor bias.
Most cell types express tumour necrosis factor (TNT) receptors and. hence. are susceptible to TNF-triggered apoptosis. How-ever. Janicke et al (19941 demonstrated that TNF-mediated cell killing also depends on high c-Mvc levels. and transfection of conditional c-myc constructs into TNT-resistant cells. which were a priori loxw in c-Myc product. rendered these cells TNF responsix e (Klefstrom et al. 1994) . Askewx et al ( 1991 ) and Exan et al ( 1992) show-ed that c-M.vc ox-erexpression is generallv required for murine myveloid cells and rodent fibroblasts to undergo apoptosis.
It wxas shou-n that xarious oxarian carcinoma cell lines express TNF-a (Naylor et al. 1993 : Wu et al. 1993 . and the human ox arian adenocarcinoma cell line N. 1 secretes factors that autocrinely induce apoptosis preceded b-c-m!vc stimulation (Krupitza et al. 1995a) . Thus. high c-myc levels in rapidly growxing cells might be exploited to conxert c-mvc-drixen growth into cinvc-drixven cell death by manipulatincg or eliminating 'surxixal' sionals. WAhen survixal factors were omitted. a direct correlation Received 10 October 1997 Revised 5 March 1998 Accepted 1 Apnl 1998 Correspondence to: G Krupitza betwxeen c-myc expression and apoptotic destruction x-as demonstrated in N.1 ovarian carcinoma cells (Krupitza et al. 1995b ). TNF-a also induces plasminogen actixator/urokinase (uPA) by the NTFKB pathwav (Meichle et al. 1990 : Noxak et al. 1991 . This protease might sen-e a phy siological role upon TNT-a induction in xxound healing and tissue remodelling (Bechtel et al. 1996) . and also a pathological role during malignant progression (Delbaldo et al. 1995) .
It was obsenred that uP4 co-recruited with integrin ax15 at the pericellular membrane (Reinartz et al. 1995) . Pericellular localization of uPA xxould affect cell-matrix association. Loss of cell attachment increases the susceptibility to anoikis-type apoptosis. because endogenous sunixal signals are abrogated (Frisch and Francis. 1994) .
Here. we shox that autocrine factors secreted by N. 1 cells contained TNF-a and that TNF-a induced utpa transcription. Exposure to purified uPA protein interfered x ith cell-matrix interactions. c-mvc up-reaulation and concomitant limitation of sun-ival signals brought about by loss of cell-matrix contacts might play a role in a cellular self-elimination process. 
MATERIAL AND METHODS Chemicals, probes and antibodies

Cell culture
The monoclonal human ovarian adenocarcinoma cell line N. 1. which is a deri-atixe of the heterogeneous cell line HOC-7 (Buick et al. 1985: Grunt et al. 199 .1) was kept in alpha modified Eagle medium aMEM) supplemented with 10%c fetal calf serum (FCS. Gibco) at 37 C in a humidified atmosphere containing 5% carbon dioxide.
Light microscopic phase-contrast photographs were taken with a Zeiss MC-80 camera connected to a Zeiss inverse microscope. using a T-Max black and white print film (Kodak).
Conditioning of cell culture supernatants N. 1 cells were grown to confluence in FCS-rich ( 10%7c) medium.
Growth medium was aspirated and cultures were rinsed with phosphate-buffered saline (PBS) to remove traces of serum. Then. prewarmed. serum-free caMEM was readministered to become conditioned bx N. 1 cells for increasing periods of time. After clearinn conditioned medium from debris. the supematants were tested for actixitx.
Reverse transcription-polymerase chain reaction (RT-PCR) Total RNA from N. 1 cells was extracted using RNAzol precipitated with isopropanol. washed with 70% ethanol and dissolved in water. Eight microgram of each sample was subjected to reverse transcription employing the cDNA cycle kit from Invitrogen (San Diego.
CA. USA). Alternatixely. 15 jgc total RNA was pretreated with 100 U of DNAase free of RNAase as described prexiously Krupitza et al. 1995b) Figure 6A and B were scanned by a laser densitometer. Readouts of upa peak areas were blank corrected against GAPDH peak areas (which represent the internal controls for equal sample loading onto the gel). Because control cells show distinct basal expression of upa, the 1-h time point (after treatment) was utilized as a reference point to which the other kinetic points were related. Numbers give the induction factor when the reference point (1 The phenotype of dying N. 1 cells that were treated w-ith TNF-(X ( Figure 2D ) was similar to the morphology of dying N.l cells exposed to AF ( Figure 2B ). Figure 2C gives some details typical Both AF-and TNT-a-induced DNA fragmentation. which w-as examined after 72 h. vas tvpical for apoptosis (Figure 3 . lanes 3 and 4 respectivelvy: non-conditioned. serum-free control supernatant had no effect (Figure 3. lane 2) .
When conditioned supematant w'as adjusted to 20 ng ml TNFa (according to ELISA analysis). apoptosis induced bv AF w as triggered faster and more efficientlv compared w-ith treatment A-ith 20 ng ml-' of recombinant human TNF-a.
Anti-TNF-<x antibodies inhibit apoptosis N.1 cells were arown in 24-well plates to near confluency in tMEM medium containing 10'7c serum. Subsequentlv. cell lavers w ere w ashed twice w ith prew armed aCMEM w ithout serum.
Conditioned supernatant (which was tested before for autocrine activitv) was applied onto N.1 cells either in the presence of 10 jI ml-' non-immune mouse IgGl. thus inducing apoptosis of exposed cells ( Figure 4AA . or in the presence of increasing British Joumal of Cancer (1998) In separate triplicate experiments. N.1 cells were exposed to conditioned supematant (after determination of the TNF-a concentration bv ELISA. supematant u as adjusted with serum-free medium to 20 ng ml-' TNF-a) that was preincubated with 0.0. 0.5. 1.0 and 2.0 go ml-' neutralizing anti-TNF-a antibody ( Figure 5) Preincubation of adjusted supernatants (20 ng ml-') w-ith 0.5. 1.0 and 2.0 jgc ml-' anti-TNT-a antibodv reduced apoptotic N. 1 cells to 2 1.2%7c. 17.5%-and 13.2%"`respectivelN I( Figure 5 ). The experiments w ere done in triplicate.
Pretreatinc supematants vith 10 jgc ml-' non-immune IgG had no effect. thus rescue of apoptosis by anti-TNF-a antibodN w as specific.
Autocrine stimulation of c-myc
Earlier experiments show ed that retinoic acid-mediated up-regulation of c-mvc correlated w ith the extent of active cell death of clone which ,were inactive. were utilized for control reasons ( Figure 6 ). In the presence of 5 Hg ml-' and 10 jgc ml-' antisense c-mxc oligonucleotides (Klefstrom et al. 1994) . the actix-itv of AF was significantl-(though not completelx) inhibited (Figure 7 ). To prexvent oliconucleotide-mediated non-specific cvtotoxicity. the serum content "-as adjusted to 2.5%7 during experimentation.
How e-er. induction of apoptosis took longer under these conditions.
TNF-a and AF induce plasminogen activator/urokinase (upa) expression TNT-aC up-regulated upa transcript levels in N. 1 cells ( Figure 8A ).
The fact that AF also induced upa mRNA with similar kinetics to TNF-a ( Figure 8B ) further suagested that TNF w-as a constituent of N. 1-conditioned supematants. Densitometer readings measured the increase in upa transcript levels after stimulation w-ith TNF-ca and AF (Table I ).
The time point 1 h after treatment " ith TNT-CL and AF v as used as reference point 1. The peak-%-alues of the other time points (2. 3.
5. 8 h and control) were set in relation to this reference point. and the numbers sho"-n in Table 1 represent the x-fold expression of upa mRNA. The maxima of upa transcript lexels occurred after 2-3 h of induction with TNF-ca and AF. and returned to control lex-els after 8 h of treatment. These experiments worked only on matrigel-coated membranes.
but not on normal cell culture supports such as Petri dishes. This suggested that uPA exerted its actix itv on components of the extracellular matrix and explained that no difference in apoptosis "-as seen w,hen cells. gro%vn on Petnr dishes. were exposed to British Joumal of Cancer (1998) and Wu et al ( 1993) . who showed that fewhuman o arian carcinomas produce TNF-cx.
British Joumal of Cancer (1998) 78(7). 862-870 Because anti-TNF-a antibody sisnificantlv inhibited AF-tri2-gered cell death. TN'F-a. which was demonstrated to be svnthesized by N. 1 cells. contributed to N.A1 autocrine apoptosis. Conditioned supernatant. which was adjusted to 20 n nml-' of secreted TNT-a. induced (Klefstrom et al. 1994) . In an earlier investi2ation. we have shown that N. 1 cells secreted M-CSF. which also stimulated c-mvc (Krupitza et al. 1995a) . and that c-myc induction correlated with retinoic acid-induced apoptosis (Krupitza et al. 1995b) . However. at low serum levels. the administration of recombinant M-CSF alone or in combination with recombinant TNT-a did not induce or support apoptosis respectively. Incubating N. 1 cells. which were exposed to AF. with 5 and 10 gg ml-' antisense c-myc oligonucleotides showed specific inhibition of apoptosis. Thus. although M-CSF-mediated stimulation of c-mvc did not induce apoptosis in N. 1 cells. XF-induced apoptosis of N. 1 cells was in part c-myc dependent.
Apoptotic stimuli were enforced when cell contact to the arowth substrate was disrupted. Cell-matrix attachment provides significant endogenous survival signals. and dissolution of cell-matrix interactions by protease supports apoptotic stimuli (Frisch and Francis. 1994 ). TNT-a and AF up-regulated transcription of plasminogyen activ-ator/urokinase (upa) with similar kinetics. W'e have shown that purified plasminogen activator disrupted cell-matrix interactions in the N. 1 model system in a dose-dependent manner.
Consequently. in a physiological situation. upa might contribute to TNE-induced effects by-facilitating an anoikeis type of cell death (enhanced apoptotic response due to loss of cell-matrix interactions: Frisch and Francis. 1994) . UPA. secreted for example by keratinocytes. elicits a protease cascade leading to activated plasmin (Bechtel et al. 1996) . It was reported that uPA colocalizes pericellularly with the QvP5 vitronectin receptor subty-pe. In its proximity. the extracellular matrix protein vitronectin is degraded and keratinocvtes lose cell matrix contact (Reinartz et al. 1995) . thereby exposing the vitronectin receptor. Exposition of vitronectin receptor subtype aQv3 wvas shown to provide an 'eat me signal for macrophages (Fadok et al. 1992) . Therefore. uPA plays a role in cell elimination processes.
However. apoptosis of N. 1 cells did not depend on uPA activity because N. 1 cells under-ent cell death upon TNF-ct and AF treatment when orown on normal cell culture dishes that w-ere not coated with extracellular matrix proteins and at which uPA could not exert an apoptosis supporting effect. Thus. the apoptotic effect of AF is direct and not trigoered by uPA-mediated matrix dissolution.
Nevertheless upa overstimulation might contribute to cell death in a physiological context by disrupting cell-matrix attachment.
We conclude that N. 1 cells are capable of autocrine self-elimination by a TNF-TNF-receptor circuit. To test whether this is a relevant mechanism in tumour cell biology. different TNFproducing tumour cell lines need to be investigated as to their potential to trigger self destruction. Searching for factors that rescue TNF-ct-stimulated apoptosis as well as factors specifically regulating the expression of TNF receptors would provide further insight and would allow for the strict regulation of this apoptosis mechanism.
